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Abstract

Silicic volcanism 1s cormonly preceded by eruption of basalt.
Similarly, the earliest phases of cranitic plutonic complexes are of-
ten gabbro or diorite. Basalt raczr-a rust play a role in the initi-
ation of a large silicic magma systzm, but three 1ines of evidence
suggest that basalt magma also enters silizic chambars and influencas
their further evolution: (1) Con:tzzoranaous basalt vents flank
sflicic volcanic centers. (2) Therral rodals of silcic bodies sug-
gest that their heat must be raplenisiad to raintain them in the upner
crust for their observed 1ife snan. (3) Petroloqic data indicate that
mafic clots and "cognate" xenoliths corron in grancdiorite ard andz-
site represent basalt magra quenchad within active silicic magma
chambars. Phase assemblages 11 volcanic rocks and bulk comvosition of
volcanic and plutonic iocks in suites of this type show that icuch of
the variation in erupted or crystallized end products is due to this
interactieon of basaltic and rhyolitic ragras.

It 1s proposed that basalt manma from the upper mantle provides
heat for generating rhyolitic melt in the lower crust, and that the
resulting rhyolite magma body continues to receive injections of ba-
salt as it rises through the crust. Implications of this model are:
(1) the development of @ silicic systen depends on the intensity of
basaltic volcanism and the ability of the lowar crust Lo produce a
rhyolitic melt. (2) The relative volu-e of interrediate versus basal-
tic and rhyoiitic end products deparis »n the extent of convective
stirring, It apoears that tne influznce nf tectonic sefting on crus-
tal residence time of silicic chars:irs controls to what deyree the

system is homoqenized.,
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*a3tnalith as rafic "forerunnnrs” and there, too, rafic :asnas invaded
mma Yater silicic hodies, Rinq dike corpleres cermonly begin with
=--3lucerent of aabbros, followed by a cchinus variety of grarites
le.n, Yaoebath and 8ull, 1865; Chanran, 1642; ¥~dell, 1228). MWowever,
¢ intarningling nf aabhheogic and cqranitic racks within same of the
=ranite tadies sygqests that rafic rmas-as  weee still orosent when the
aranites were intrydad,

Essentially all volcanic fields in tre wostorn Lnited Statas con-
t2in sore basait, Basalt has erupted throunnnat, ani rredoninates
valu~etrically in pars of, the Cascede %anca [M:Birrsy ard others,
1272) whare andesite s an impurtant rock tynre. Tee mare biradal
S=rke Piver Plare-Yellowstone Plateau field crupts basalt Lefory: and
~“¢er rajor caldera-forning rhyolite eruttinns (Lazen and nthers,
1278), Rz2lative volume of early btacalt or cakira in o co~oiex rav be
uniarestirated because 1t 1{s corcealed by lator lava o stoped down-
ward by later intrusives.

In toth plutonic and volcanic complexes, mafic bodies are
tvpically satellitic to stiicic comnlores, Jorlin (1959) stated this
ceneral otservation for discordant cranitic batholiths. It has beun
rantionad rore recentlv in reference to (ke Snciualt-ie batholith
(Erikson, 1963) and the Boulder batholitkr (Tillina, 1973). The
eguivatent spatial arranaement in volcanic fields is redresented by
silicic volcanic centers with older to contersorancous flanking basalt
vents, Tnese include tha major volcanoes of the Cascade fange (the
velationskip is esnecially clear in the & .itharn Cascades), Lona
valley Caldera (CA)., San Francisco Peaks (A7), Mt. Tavlor (hM), and

the Valles Caldera (I%).



Irte4uztion

Snazfal ard tooporal ascazizrtion detuean bazaitic and rare
cilizic rocks in both plutanls comuteres 2rd voluanle finlds irplies o
canetiz  relatioashin,  This Tyoer iscuesas tisld evitente 9 this
relationshin and preseiits nea =alroisnizs 412a indiertin: tht it 1
th2 intecaction of brcsale with faizitl - realizic mae -y bodins which
srodgies ruch of the cocmostition:l drLcrLite nf end praduits, fasel
en this evidence fron diverse co-rtees, 4 deneral eole? i proposed

tn nxplain silicic iammuus sotiviss dn Lerss of s23se uf (v iuliun ard

teginniz serting,  Frevieus disctussicrsy af neleololic ovidenie o

rixine Bwve been nresented =u Plzhcdvap ine 10905) apd S ciueqan (176).

Relationshin of Raaltic Yulganie on Silici- Mva=y Chy oers

»
-
e L o i

Mast stlicic {(andesite-rhyalicse or craradiprite-aranite) igeeaus
campleces are closely as-ozfate? wuith PFasalt ar awblra,  In qeeeral,
intrusions of basalt rag—y srecede, continua during, and sarcetices
rast-4atce the develosrent of silicic co: Sleres. This observation ap-
plies toth ¢tn those coamdlexas vhwre interiediate {and:site or arano-
diarite) ond axtrere (Basilz-rhyolite or cabbra-granite) counositions
rredn=inate. For esarale, the earliest tiases ¢of the prelorinatly
ararciforitic Snonual-fa  batealite  ara sabhros (Erickson, 1987), anid
tin earthera Cascade hatalishys of this tuipe wors intreded by basaltic
dikes 1ate in thedr hictory "frichenn, 19497 Tabor and Cravler, 1969),

Mayo (193)) reforeed to She narlinst  {ntru,ives of tse Sierra RLevada
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Eaton and other. (167%) an? Rajlay and others (1576) have ysed
tre distrihutiar of !2:21t vents to infer the position of aztive
<1 1cic ragra budices, This i bdase! on thz assunstion that darse
~v¥ic liquid 2an a9t pass uyrzuard throuqgh suzh a body, :nd on field
nhservations at Yellous2ane «nd Longz Valley that the roof of a silicic
cramber, as defined by 2 caldera, Tacks basalt vents during the period
cRp ¢1l2era is active. s sfligic activity related to the caldera de-
clines, hasalt vents ercroack an the cxldera razion, presu-:bly ba-
cruse the underlyira tody is zreystallizing fnaard, Sinilar abserva-
tions can be rads for c2er centere l:ickine calderas, bat where 1arge
asccurulations of silicic lava i-01, the presence of a large (hamlter,

Thus 1t agmaears th2e silicic rag~1 charbers tynically lie witain
a2 reqion of uoward “lux Af bhasalt rie=a, Lachendeu-ii and others
(1976) have shown that suzh a r22¢i could account for tre discrepancy
tetween the observad 1ife span of the Long Valley magra charber and
tr2 shorter life soan caleylatud for therral rodrls assuming heat loss
by <conduction alone. Trampina of basalt rmaqra provides an efficient
reans of keepina the silicic mag=a hot.

These nbsarvations kave important petrogenetic implications, The
existence of rafic forerunners to bathcliths suqgests that basalt i:ag-
ra may provide heat for davelopment of silicic magras by partial m2lt-
irc in the lower crust. CELvidence that the upward flux of basalt con-

tinues after an active silicic pluton has 7Tormed suqgests the



nrossibility of direct interaction. "zss as w1l as heat w111 be added
to a low density ra<-a which trans basalt, rroizcing a chanygn in coi-

onsitior as w211 as ternerature.

Petrnloaic Evidence of Interaction o Tasil% a=~d Rhwvallie Hfaamas

f1thount silicic volcanic centurs lick *a1zalt vent; whon they are
sotive, andesitic lavas cau-only coctain of - l:nt xenaiiths of basal-
tic com2osition vhich raria in size *reoc 1 - Alabuins o 1 13 crystal
clots and which have no exact courstercarts 20337 the councry rocks.
The sare ravy be said of qranidic=iies 10 plutonic corplexss.
Tepically trere are rajor textural wisiatioas Sabiaen, ur even vithin
{Tebar and Cresder, 195%), xe-0litay LGl a2 consistent nincralosgy,
dominantly nlaqioclase + pyraxere or plasi-:ciisa + harnblonde. The
st cemron  textural  tyass  ave fi{maerrqined porphyriticz and

' s s o = =« W abgegeem v Leus i =1
Vhero JRete testures arve fsund in o

rediv-=-gralned raszorphyritic,
saima xendlith, the former tyna ravas u rin: an the lotter (Fia. 1).
Ir the plutonic case, the cornosliiion of chses within the xeroliths
ratch those of the host, caly the arenartions differ, hut in volcanic
rocks there is striking evidernce of disanuilinrium,

saltic xenaliths have 2njored a 1on1 and 1ively literature
under suczh naraes as afic riceorrar.lar erlevas, rafic seyregatiors,
secretions, coanate xenoliths, restises, and so forth. Prcbably the
mo3t coimon  intornratation is gkt they ar2 cwswlates cr equivalent
neoducts of fractioral erystallizati- (f6v  znwanle Villiams, 1931

icholls, 1971). OGthers (Piwinskii, 15733 Przsnall end Dateman, 1973)
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have suqcested that thnev are refractory resildics, "reatite,, fro-
partial relting of the lower crust. Jonlia {1939) suggostad that they
ara enqulfed mafic Forerunners., The co—sositiomally equivalent, tut
acnetically different, inturprotatinn is <hat they are "hasic nilloes®
(RF1ake and othars, 1965), hasilt chill=?! erd crystellizal 1n silhicic
Laara.

He have studied sarples of tiiese xe~nliths and their hoest laves
from a numher of volcaric centars In tie wzisarn Unfted Suat2as and
Ecuador, including a2 suite of Lassun 1rwas srmanning tha ro—pisitional
ranqe of basaltic ardesite to rhyvodacicc., Szvaral Tines of ovilonne
indicate that tha xannl{ths are Racalt {rfscid inta, end crystallizad
within, silicic ragma charters; thes {5, t™it thay repro.ont the ba-
salt rigm whinh daag net poich Che oo fima ate s thera cho ey

1. The xandliths are aiohular ia <rara, sometiras witn a fianly
contartxd horder.

2. Xenoliths in Lassen dacite were chilled ajainst the hast.
Average arain size dacreases tcward the border 2nd horn-
blende changes from subequant %o 4ighly elongata,

3. Many of the larqer xenolitr~c in Lissen daclite ar: surrounded
by a nixed rind in which partially :-2it2d or recacted phkona-
crysts from tha host lie ir a2 ratrix siwilcr to, bLut Tiner
grained and rmore alass rich than, ti2 interfor of the xuno-
1ith (Fig. 1).

4. tlost of the xennliths contain irntarstitial vesicular alass.

5. In bulk compnsition the xcrnoliths arrroach the corpositicn

of assaciated tbtasalt an:d contain as primary phenocrysts



rhases  whicr —itzh thencgrysts in assocfate! hasalts (Table
1.
’redazts of diizvvr:nation of tnese xernl{ths are so abundant on
z ~fcroscnofc scale <raz it is epparent that infection of bacalt into
~%2 silicic ran-a btody ma4 2 stront comoositiLrel effe.t, that the

-e7"a in tha chrarber ua3 rRyolitic before risineg, For wrenple, sub-

(23

Trrzvisn of ta:alt-deri et ~“2zarial fro- ¢: ~sde of Lassen ducite
“iies ot estirate of tzfore mixing silica zanitznt of 75 veight
tercant, Confirratior 9F this suqaastion 1s ziovided £/ the prescnce
~ zartially reacted o resortzd nhenocrysts, 2-arooriice for ragqa of
r*;34zic cc—zasition, ir *an, of the Ainterizdiate lavas. Further,
resiite-2arived rheracrisis in ardesites from Lasses (Fig, 2),
izurder, and Sap Franziczo Peaks contair irciusinns of rhyalite qlass
In trelr ur-elced coarss,

T=e rast co™on rhoifta-derived phenozrysts are scdiz plaaic-
tlase and cuartz. In resaense to injoction oY basal: into the rag-a
zh2=ber, codic nlanloclase rartially r2lts to calcic planioclase plus
liguid, which allows diffusion inJard from the surrounding mafic melt.
Tnis rasults in a cloudy zone consisting of calcic plagioclase, glass,
ryroxere, and cpajues (Fia. 3 ard 4). lhen therma® aauilibricm 1s
rezched and crystallization resumes, 2 navrally zorad calcic over-
crauth forms orn the crystal. Depending on the crojortion of basalt to
rivolite, auartz is either resorted (dacite) or reacts with the 1iquid

to forr pyroxene (endesite). 1f the rhyolite is at its liquidus when



rixing occurs, no rhyo'ita-derived chenocrysts will be prasent in the
ky5rid (e.q. Eichelbercar, 1675). The ohase asserolage of the rhyo-
lite at che instant of mixing is sroun clearly by the usseirblange of
rayolite-derived phanccrysts in the porphyritic rind of basalitic xern-
liths (in Lassen dacite: guartz + andesine + biotitz).

Taken as a whole, tha textural relationshing inlicate that tasalt
~acma breaks into qlobulas as it intrudes rhyolitz magra, Mixing oc-
curs at the interfaces, and the precducts of interantion arz then
strewn throughout the ragra body by convective stir.sinj. The basal?
clobules are vesicular because they are cooled to noar salidus, caus-
ing vapor saturation of ¢he residual ligquid. Dirzct mixirg ¢f rafic
arnd silicic liquids is minar if the corrortion of introduc~d basalt is
srall because the alozules are quickly crystillize!. Ir lLasson
dacite, this linited mixing is represanted by the thin rinds on the
xanoliths (Fig. 1). Convarsely, when the proportion of hasait is
large, direct mixing of liguids is more thorough, The initial mixture
is stiil heterogeneous however, and when thermal equilibrium is reach-
ed the more basaltic portions are rore crystal rich and are strewn
through the magma as clo*s and microxencliths., Figure 3 illustrates
the products of basalt ard rhyolite interaction for decite and anda-
site from Lassen Park. Figure 4 shayws sirilar features in decits from
Ecuador and andesite fro— Mt. Baker, 1t should be emphasized that
these features are present in ebundance in evary thin section and that
thase samples are typical of rocks from their respective regions.

Similar features have been described in the lavas of Mt. Rainier
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It has been suggested that quartz (Michol!ls and others, 1971) and
sodic plagloclase (Mash, 1973) in andesit= are products of crystal-
lization at high pressure. Tha presence of rhyolitic glass inclusions
in the unmelted cores of these phases in andesite from Ccuador,
Lassan, and San Francisco Peaks-c1ear1y rules out this possibility for
thase Tavas. Further, Drake (1976) has demonstrated that there is no
significant pressure effect to 10 kb on plagioclase-melt equilibria 1in
dry systems of basalt to rhyolite composition. The effect of water at
high pressures would shift plagioclase toward a more calcic compc-
sition (Yoder, 1959), and ascent of a hydrous magma would cause
crystallization, not melting. Do2 and others (1969) have found that
partially ineltad sodic plagioclase 1n an andesite from the San Juan
Yountains is in icotopic disequilibrium with the matrix.

Stewart (1974) has proposed that plagioclase-pyroxene crystal
clots in andasites are breakdown products of high-Al amphiboles. In
Lassen rocks, 1t is clear that the plagloclasaz-pyroxene clots in ande-
site and plagloclase-horrblende clots in dacite are simnly fragments
of the basaltic xenoliths, since a continuous size spectrum exists.
The presence of glass, calcic plagioclase and magnasian olivine in the
clots cannot be reconciled with tha breakdown product hypothesis.
Stewart (1974) makes a distinction betwean plagiociase + pyroxene +
glacz clots as xenoliths and pleafoclase + pyroxena clots as amphibole
products. Howaver, Fo,0 olivine and An85 plagioclase are present in

both glass-present and glass-absent clots at Baker, and the Lassen
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»2r3liths suggest that the amount of glass is caused by minor differ-
erz25 in mixing and cooling history of injected basalt. If, as the
zz2tralogic evidence suggests, northern Cascade andesite forms in a
~znner sinmilar to southern Cascade andesite, then the predominance of
ardesite at Mt, Baker indicates that the parent magma body is well
sirred. Thus it is no*t surprising to find the hasalt renrasented by

s~217er xenoliths,

T-orouchness of Mixing and Evidence of Partially Mixed Magma Bodies

Examples such as Mt. Baker and Glacier Peak show that mixing of
casaliic and rhyolitic magmas can be so thorough that erd products of
intermediate composition predominate, and 1ittle or no uniiixed rhyo-
17te reaches the surface. The basalt-rhyolite association as illus-
trzted by the Yellowstone Plateau represents the oppasite extrema,
wrhare mixed lavas are negligible in volume. Cther volcanic and plu~
tonic complexes represent intermediate cases where mixing is substan-
tial but unmixed end merbers are still present, for example at Lassen
Park and the Snoqualmie batholith. Bimodal volcanic fields tend to
occur in strongly faulted terrane., This relationship has been noted
previously on a large scale and correlated with plate tectonic setting
{Licran and others, 1972; Christiansen and Lipman, 1972) and it holds
cr a sraller scale as well, within the Cascade Range. Fields which
eryot tne entire spactrum of composition such as Lassen, Medicine
Laxe, and ilewberry 11e 1in areas of prominent faulting, while inter-

redfate centers occur nearby where faulting is more subdued.
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Christiansen and Lipman (1972) have shown that a switch from inter-
mediate to bimodal compositions has occurred at many centers 1in the
western United States and that this change occurred when block
faulting began. Since petrologic data indicate that the diversity of
end products depends on the amount of mixing of parental basalt and
ranyolite, it follows that strong faulting inhibits mnixing. A Tikely
explanation is that high angle faults provide an easy path for rhyo-
lite diapirs to leak to the upper crust or surface where they crystal-
lize or erupt before thorough mixing with basalt can take place.

In complexes where nixing is not thorough, large plutons or vol-
canic units may be expected to show the effects of partial mixing.
The simple case in which basalt magma enters the bottom of 2 rhyolite
ragma chamber has been described by Rice (1976). Initially, two sepa-
rate convection syctems will be present because of the density differ-
ence between the magmas, and a mixed (andesitic) crystal-rich layer
will grow at the 1interface. Compositionally zoned tuff sheets in
which crystal-rich dacite or andesite overlies crystal-poor rhyolite
appear to represent the partial emptying of such a stratified chamber.
Although such sheets have been interpreted as products of fractional
crystallizatfon (Hedge and toble, 1976), several features are not in
accord with this hypothesis:

1. The sheets are 1{sotopically as well as compositionally

zoned, and phenocrysts are in isotopic disequilibrium with
the matrix in the dacitic or andesitic portions (MNoble and

Hedge, 1969).
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2. Variations in composition are abrunt and most of the vari-
ation in bulk composition is due to 2 change in composition
of the matrix rather than the highasr proportion cf pheno-
crysts in the andesitic portions (Ligman, 1667; Lipman and
othars, 1966).

Aso Caldera tuff sh=ets show an upiuird increase in partially
relted plagioclase, appearance of F°30-35 olivine and A”BO plagioclase
in sore of the andesitic upper units, ard ~:ve abundant mafic xeno-
1iths (Lipman, 1957). lloble and Hedae (13£3) fourd that sanidine in
the quartz latite top of a zoned tuff 1in !evadz isotopically matches
the rhyolite bottom of the shaet. These daia are better explained as
the product of a partially mixed, stratified magna body in which
radiogenic rhyolite overlies less yadiogenic bzsalt.

The sequence of eruption at othar partially mixed centers appear
to match these tuffs, Sore San Juan cald.uras which erupted rhyolitic
tuff subsequently filled with dacitic or andesitic lava (Steven and
Lipman, 1975). The Lony Valley caldera has erupted dacite and ande-
site lavas following the Bishop rhyolite tuif (Bailey and others,
1976). Centers which erupted andesite followinga extrusion of rhyolite
dores or flows dinclude Mt. Taylor (Faker and Ridley, 1970) and the
Suimier Caon Valcano (Liprman, 195%).

The latter examples may reflezt the zarz ».fic-dovnward zonation
of magmas as tre tuffs, or marely an ircrzasingly maTic mixkture with
time because the rhyolite in the cha~kor  was not replenished.  The

most common cor:positionally equivalent zoratien in plutonic bodies is
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rafic-outward, Mafic xenolith-bearing granodiorites surround granite
ccres (Bateman and ‘lahrhaftig, 1966). These may represent a convec-
tion configuration in which the hybrid is swept up the outside of the
chamber (Rice, parsonal communication), Another possibility is that
the upward flux of basalt ceased between hybridization of the grano-

diorite and cnplacement of the last rhyolite magma diapir.

tatarment of Model

Field and petrographic evidence discussed above imply that basalt
is the heat source which causes production of rnyolite melt, that con-
tinued upward flux of basalt generates the obsarved ranye in compo-
sition and that the volure distribution of end products depends on the
arcunt of interaction of basalt and rhyolite magmas. This model {is
depicted in Fig. 5. The process is s:mply one by which upward miara-
tion of a hot melt, if there 1s enough of 1it, promotes melting out of
: lower relting fraction at higher levels. Under some conditions, the
cooler melt retains dits identity because 1ts physical properties
differ greatly from the hot melt., In the model, the lower crust is
chosen as a 1ikely source for rhyolite melt because it 1s the deapest
region, and therefore has the highest initial temperature, in vhich
rocks of composition capable of producing significant aimunts of rhyo-
11te ara 1ikely to occur. The model implies that developrient of a
silicic igneous complex 1s dependent on intensity of the basalt flux
and ability of the lower crust to produce a rhyolitic melt. Occanic

crust will do, but can groduce only trivial amounts of rhyolite con-



pared to continzntal crust, $2e continantz? Lasaltic fieids may kave

insufficient rate or volume of bas2lt irtrusion, or feil to trap

11

rite a silicic systen.

]

cnough oi the hasalt in the lower cr.st, 6 nzn

Although the rost cewnz1ling patrolan®s  ayidepze  for the model
comes from vnlcanic fields, 1i¢ 1§ ~-..siztent with rany Linds of data
on batholiths, In the case «f the Lizrca "zvada bathnlith, the iodel
providas a rachanisn for nixine of Losenzcis feow uner rantle and
Towiar crustal sources protescad by Cue arne Zelsvane  (1972) on the
hasis of 1sotonic data, as vall as an expla-:ticn for tha malic xend-
liths in the qrarodiorite (Date-an snd YManriafoin, 1900 and th2 high
liquidus temparatures for th: qrinndioritz cbsurved exparirantally by
Piuinskii (1973).

Theriral calculations eojated o raptis? c2lting o the crust,
rodeling of Lae hydrodyramics of visirt,  avf eonlcabion of the ralel

Ly specific igrueuus comnlexe., vilT fo praaeatid dposulsuest pupars.
q v '

Isntopic Data and Inferencas Concarein: the Chsoiite Soarca Pecion

Hixing of two welativaly corsistont coeant mae 2n results  in
Tinear variatien of vhole rogh cr-n dcien 2F <2 o' ots, Obviously
this holds for isatopic a. wo11 o< ele 2 Y ahupdl con, Stemight

. N . ' \ L .
Tines on isotope diapas, 6f e ‘o0 =0 T 0 b O L isotheens,

rixing lines, or bathi. for "heSe, limar wotiation a7 wbhnle-rech
- LY AP O . R AU SR . . .
indtial S et wih o Y Pt P s W o hav o peanin |

a6 an fsorhran in @ tua= coca ot e e G e erial conelitions b

Couse fractionatiom echapen, w7 BTN
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a5

1. a)  Wala malting (IS 7/Sr i5 urchangad) of an older ig-

n29us cor plex.

- 67 .. 09
h)  Bucausa basait Pas lew £ /5e?

» @ Cluse approxication
to the abave i3 bulk assi~iiation of i i1terial Ly ba-
salt.

2. A ragra diffarentiites and then r2—ains in its charber in a

rnolten stata,

In case (1a) the secondary isochron givas the aga of the source
complex, in case (1b) the apuroximate ag2 of the contaminant, in case
(?) the age of the differentiatinn evant. Case (la) is geologically
unreasonable, Case (1b) requiras unreasornable amounts of con-
tamination to produce silicic 1ignaous rocks., Figure 6 shows that
pseudoisnchrons are often too younq for case {1b) and too nld for case
(2).

In the model proposzd in this paper, parental rhyol.te magma
forms by partial relting of rore mafic raterial. The rhyolite source

has the same Sr37/5r86 value as tha rhyaslite but Tower Rb87/Sr86

» and
therefore 11ies somawhare on a horizontal line to the left of the rhyo-
11te on Fig. 6. A two-staqe isochron whose slope represants the time
since the rhyolite source (lower crus%) and basalt source (upper
rantle) were 1in isatonic equilibrium passes throuah points repre-
senting the rhyolite and basalt source or, as a close approximation,
the rhyolite snurce and hasalt 1nitial ratio. This line has tne same
y intercopt as th2 oseidoisochron but a  staeper slope. Thus the
pseudoisochran cives ¢ loxer linit for the two-steqe model age of the

Tower crustal rhyolite sourse,
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2n7 ¢06,,, 204

e taDy Timear yiriation of P /Pb 253 with Ppe>%/0p in an

Trezi.t saite car be boir o2 tuwd-sleae isocnroa ard a wizing line, be-

.12 “razsjonatricr dee not affect either variable, It does not

"iTtes whether the inter—2:2iate ;oints on th: line are qanerated by

~=*a] relting of a 4i“ferent zource related to the ot"ar sourcas in

1%:T2 or2, or arz qenerzted by mizing of end 1numder parent rrasmas.
Tc.f trz sacordary isccheins for the Karmadac  lslencd:  {Oveirsby and

Izet, 15727 an2 Triste- da Cunha {Qversby and f%ast, 1673) may have

(8]

'zz=~7 2yan though tre andesites (or trachyandesites in the latter

Z?B/Pb204 206,,, 204

32. —ay be hybrids. Linear variation of U with Pb™""/Pb
= =z with X for Kerrziec¢ lava is consistent with the mixing rodel.
~zsz7, Diate tectonics provides a eans of leterally roving shallinw

z Zez23 sources 1indepsadoently of each oiber. Thus the two-stage

-1Zz” zssu-otion tha* th=: shallow and dcep scurcos evolveu at the same

~ay rot be reaningiui, and in gqenaral tnz pseudo-isochron will

‘.2 27 age2 interrediate to tha "agss" of the sources. Under sone
frc.-stances, Pb and Pb-Sr data can bracket the aga of the rhyolite
-.rza praterial in a rixed suite. The Sierra Nevada batholith

“fzzler 2nd Peterman,1973; Doe and Delevaux, 1973) and Skye (Mocrbath

= =11, 1265; Moorbath and ! .ke, 1968) appear to he exarpies of
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£s-2lusions

“re rodel proposed here explains the origin of a variety of
silicic izneous complexes and can be tested by a variety of data. It
sutz2sts that rift and subduction zone igneous activity are manifesta-
t*2ns of simr{lar parent ragmas produced in response to a heat source,
ard that the variety of end products is controlled by tectonics. Al-
tkough it contradicts the widely accepted intimate relationship be-
t.zen ardesite and subducted oceanic crust, the presence of voluminous
ariesite 1n such places as Colorado demonstrates that the relationship
is not intirate. Finally, by 1identifying the parent liquids, the

ro2el provides a means of exploring their source regions.
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TABLE |
UHOLE ROCK AND PHELOCPYST COU'2GSITION OF SOME
BASALTIC XEHOLITHS TN A%JZISITES A5G DACITES

1 2 3 4 5

Si0 £1.4 54.7 53.% 58,5 a0

Ti0 1.0 0.9 0.6

A1203 18.7 18.5 19.2 17.8 17

Fal 8.6 7.0 7.5 5.9

Hnn 5.3 5.8 £.2 3.5

CaC 10,7 8.7 c.0 7.2

”’lzo 3-2 3.0 2.9 3.4

KZO 0.3 1.0 1.0 1.5

Mivina F°70-80 Fo80 Fog,J Fo80 Fo70

Plagioclase  Any, Anzo_gn Mg Angg»fingg Ango-g3

1. Average of xennliths in Modern Series, Santorini Volcarna. Greace
(Micholls, 1971).

2. Xenolith in dacite, Medicine Lake Hichl:nd, California ’Anderson,
1¢31; Eichelberger, 1975).

3. Xcnolith 1n dacite, Lassen Volcanic ational Park, California
Williams, 1931).

4. Porphyritic rind on xarolith 1in dacite (Fig. 1), Lassen VYolcanic
Mational Park, California. Anaiyst: John Husler, University of
Hew Mexico.

5. Microxenoiith in aniesite, Mt. Baker, \Uashinaton. Silica and

alumina content estirated from i~ode. Bytownite occurs as ceores of
some plagioclase grains,
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TABLE II
COMPARISON OF OBSERVED BULK COIIPOSITIONS WITH COMPOSITIONS
CALCULATED FOR MIXTURES OF RHYOLITE AND BASALT

Snoqualmie Glaciar Peak
1 2 3 4 5 6

5102 65.6 65.3 57.0 57.4 63.4 63.9

T'IO2 0.5 0.6 0.8 0.9 .07 0.6

A1203 15.7 15.0 18.0 17.1 16.9 15.9

FeQ 4,5 5.0 5.9 6.1 4.4 4.3

Man 2.3 2.5 4,9 5.2 2.9 3.2

Ca0 4,5 4.9 7.0 7.2 4.6 4.9

Ha20 3.4 3.1 2.6 3.4 4.1 3.7

K20 2,3 2.0 1.2 1.2 1.8 2.0

1. Average granodiorite (33 analyses).

2. Mixture: three parts rhyolite (9 analyses) to two parts basalt (6
analyses,.

3. Andesite of Gamma Ridge (1 analysis).

4. Mixture: three parts rhyolite (3 analyses to soven parts basalt
(? analyses).

5. Average dacite (11 amalyses),

6. Mixture: three parts rhyolite (3 anmalyses) to two parts basalt (2
analyses),

M1 data are from Crickson (1959) and Takor and Crowder (1969). See

text for discussion of selected bhasalt and rhyolite parent
compasitions.
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Portion of large zoned plagioclase-hornblende xenolith (dark
gray) and dacite host (1ight gray) from Chaos Crags, Lassen
Volcanic National Park, CA. From left to right are
rediun~grained core, porphyritic fine-grained rind (Table I,
-ralysis 4), and acacite host. [lote small fragments of both
zoras of xenolith in dacite at far right. For plutonic
equivalent, sea Didier (1973, p. 228). Bar lenath is 2 cm.

Averaze normative composition nf glass inclusions in andesine
ard quartz phenocrysts in dacite and andesite from Lassen
Volcanic ational Park, based nn compiete electrun microprobe
analyses, Location of glasses are:

1. Core of unmelted plagioclase in Chaos Crags dacite (8
analyses).

2, Unmelted core of partially melted plagioclase 1in por-
phyritic rind of basaltic xenolith (Fig. 1), Chaos Crags
dacite (3 analyses).

3. Core of quartz in Chaos Crags dacite (5 analyses).

4. Unmelted core of partially melted plagiociase in Prospect
Peak andesite (3 analyses).

5. Core of quartz in Prospect Peak andesite (2 analyses).

The position of the rhyclite glasses 1n the andesite with
respect to the clustered analyses for the dacite is apparent-
1y due to expansion of the 1liquid stability field in the
hotter andesite hybrid. Phenocrysts representative of
locations 3, 4, and 5 are shown in Fig. 3.

Comparison of tasaltic xenoliths and rhyolite-dzrived pheno-
crycts in dacite {1ine 1) and andesite (1ine 2). Column A is
hasaitic xenoliths, B is partially melted plagioclase, C is
quartz. The dacite 1s from Chaos Crags and represents ap-
proxirately four parts rhyolite to one part basalt, by
weight. The aadesite is from Prospect Peak and represcnts
a:?rox1nate1y two parts rhyolite to three parts basalt, by
weight.

Dacite: Basaltic xenoliths are plagioclase plus hornblende

plus glass (1A). Chilled margin 1s 1A' (compare
with Tabor and Crowder, 1969, p. 13). Plagioclase
1B) has An,,_ core, thin partial melt zone
dark), and ﬁgrﬁg11y zoned An75_50 overgraovth,



\\.
Plagicclase Uhiuh did not encounter hot
globules has An,, cora, no partial mell _zo
and L"SO rirs Enog SrQun) Quartz (1C) 1s re-

sorbad ..-.
s

Andesite: Basaltic xenoliths are plagioclase + DJroxene t.-‘Es=\
glass (2h). Plagiszlasa (2b) has An, core,
wide partial ralt zon2, ard normally _o .A.Egb :
overgrowth, All sodic p1dg1c lase in the and %5 .
has a partial melt zona. Quartz (2C) =Thas 8"" i
pyroxene reaction rin, Ear 1ength 1> 0.5 1

w
-y

‘a.-.zf

Features analocous to those of Fiq. 3 in dacite from :1c1n1ty ‘Vf
of Mevado Antisana, Ecuador (lire 1) and andesita2 from {lt,

Eaker, VA (line 2). ”

Dacite: Pasaltic ricroxenolitks are plagioclase + pqrn-
blende (1A). Plagioclase (15) has An,., partial
melt zone, and nor~illy zoned An.5 50 gaergrowtn.
Ouartz (1C) is resorbad, v

Andasite: Basal*ic ricroxenolitrs are plagioclise + pyroxene
+ qlass (2A). P1agioc1a>2 (2B) 1is partially
mel tod thrOthth, with a norrally zuned An75 50
cveraro.i-. 2ar lenith is 09,5 mm,

A rnodel for evolution of silicic ian=ous complexss:

I. Rasalt fro- tha upper rantle heats the crust.

II. Partial melting in the lo..2r crust produces rhyalite
liquid :hich aathzrs into diapirs and ascends. In a
strongly faulted (uppar case) region the diapirs
reach the upper crust raoidly and little mixing
occurs {e.g., VYellowstonz Plataau). In areas lack-
ing extansional tactonics (lower case), mixing is
tnorouan (e.q. Mt. Baker). The middle case is
-inrerrr-dnrn, mixing occurs but sore unmixed rh.so-
lite reaches the surface (e.g. Lassen Park). La qe
chamber, in thasa canters arc corpasicionally zoned
as shoun (2,4, San Juans). Activity ry ceise vith
eruption or erplazar=nt of silicic bodias if the ba-
salt flux daclirac,

IIT1. [f rhyolita i5 rot raplerishad due to deplclion af
the 1o0.ar crusi, but »asalric activiry continu2s,
ragrna in the chohes hetoTEe e o iic an bacale
vents nrcriica on the silicic center (e,a. Long
vValley).
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87

‘iz, 61 whole rock initia1®5r/%0sr versus 87Rb/%8sr for several

volcanic suites:

Pseudn~
isochron Humber of
“u—ber  Suite Locaiion "Age" in MY Analyses Raference
1 Doggie Spring Mamber Arizona 33 3 Stuckless and
Superstition Tuff (com=- 0'tieil (1973)
positionally zoned tuff)
2 Barroso VYolcanics Peru 400 ) James and
others (1976)
3 Fantale Volcano Ethiopia 3 12 Dickinson and
Gibson (1972)
L fden Volcano - Main Yemen 35 8 Carter and
Cone Series horry (1976)
5 Aden Yolcano - Shamson Yemen 12 5 Carter and
Caldera Series horvy (1375)

Letters denote composition of samples at extromes of each data set,
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